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ABSTRACT 
The carci nogenic potential of benzo[a]pyrene (B(a)P) and dimethylbenzanthracene 
(DMBA) was tested using mouse leukemic cel l l ines L-5 178  R and S types in tissue 
culture condition . It was found that B(a)P and DMBA inhibited the synthesi s of DNA of R 
and S types of cel ls to about 34 % ,  at 1 0  m M  concentration . While B(a)P and DMBA did 
not show any acute toxic effect on mouse cell l ine R and S types at 1 mM concentration 
separately .  Both R and S types of cells were al lowed to grow for several days in the 
presence of 1 mM DMBA and B(a)P respectively.  Several independent clones were 
isolated from both DMBA and B(a)P treated cel ls  and cultured separately.  The effect of 
DMBA and B(a)P on changing the structure of DNA (in relation to their growth and 
oncogenicity) was then checked in these clones. It was found that several clones have 
changed their growth pattern showing a shorter generation time. By soft agarose colony 
formation assay, the oncogenic behavior of B(a)P and DMBA treated clones was 
determined . It was fou nd that 25 % of the clones have changed ( 1 5  % increase and 1 0  % 
decrease) their oncogenic behavior. This suggests that B (a)P and DMBA caused some 
permanent changes (most likely DNA) in the cel l .  Attempts were made to characterize 
these changes at the molecular level by analyzing expression of glutathione-S-transferase 
(GST) and Ras GTPase by immunoblotting .  There was no significant change in  the 
expression level of GST and Ras protein .  Mutation in p53 gene exons 6 , 8 ,  and 9 was also 
checked by polymerase chain reaction (peR) . No large scale mutation was found in exons 
6 , 8 ,  and 9 of p53 gene.  This investigation suggests that both B(a)P and DMBA have the 
abi l i ty to change structure of DNA leading to i ncreased carcinogenicity in  tissue culture 
condition . This study has provided an additional support, using in vitro cell culture 
techniques to show the increased risk of cancer due to the exposure to B(a)P and/or 
DMBA present  as environ mental  pollutant. 
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INTRODUCTION 
1 .  
Cancer i s  undoubtedly a mul tistage genetic di sease (Foulds,  1 969 , 1 975) . Multiple 
genetic changes occur during the transformation of normal cel l s  into cancer cells .  A cancer 
cel l is characteri sed by the uncontrolled growth and spread of abnormal cel ls .  Cancer cells 
prol iferate without regard for the regulatory mechanisms that restrain cell reproduction , 
crowding out their normal counterparts . Scientists have always worked at the cell s  
repl icative machinery for a hint  about the com mon basis of a l l  cancers . This  l ine of 
reasoning led to the conclusion that errors i n  replication ultimately cause abnormal i ty in  cell 
growth (Siminovitch , 1 976) . Therefore, all cancers can be considered as genetic diseases, 
i n  the sense that they originate with changes in the genetic material DNA .  There is  
increasing evidence that a n umber of cancers are also genetic diseases i n  the sense that a 
predisposition to the conditions are inheri table .  To understand the origin of malignancy , 
however, one m ust know the molecular basis of the development of tissues and organs from 
single cel l s .  Most cancers are thought to arise when DNA changes within  a single somatic 
cell that lead to the loss of growth control and rapid proliferation .  Thus ,  the cel l s  that make 
up a tumor (solid or liquid) are progeny, or clones, derived from a single aberrant ancestor. 
Characteristics of Transformed (Cancer) Cel ls : 
Most primary cel ls  (those taken directly from a living organism) are difficult to 
maintain in culture .  They have a l imited l ife span , typically undergoing on the order of 50  
divisions before dying . However, a n umber of  "immortal" cell types have been discovered , 
that l ive and reproduce essentially forever in  culture. Some cell l ines are derived from tumor 
(cancer) cel l s .  Cancer cel ls  differ from normal cel l s  in  many important characteristics when 
they are grown in tissue culture conditions .  This includes: 
2 .  
1). Lo  s of Response to Growth Controls: Fundamental to all neoplastic cells, benign and 
malignant, is uncontrolled proliferation. Unfortunately the nature of these controlling 
mechanisms even for normal cells, is mysterious. We only know that a number of factors are 
involved in wound regeneration by stimulating and controlling normal cell proliferation. Some 
of these are long-range, such as somatotropin and steroid hormones, whereas others are short 
range, including serum macromolecules. Cell-to-cell signals and undoubtedly other mechanisms 
are yet undiscovered. Whatever the controlling mechanisms may be, neoplastic cells appear to 
have escaped their effects, and there is a strong suspicion that such escape may be related to 
membrane changes. 
2). Morphological Changes: Cancer cells range from those that are well differentiated and 
remarkably similar to their normal counterparts to those that are totally undifferentiated, 
making it difficult or impossible to determine from microscopic examination the cells of origin 
of the anaplastic tumor. However, in tissue culture condition, cancer cells have distinct 
morphology. 
3). Transplantability: Cancer cells can be readily explanted into appropriate culture media or 
syngeneic hosts. In contrast, except for the fibroblast, it is very difficult and sometimes 
impossible to establish in vitro cultures of normal cells. 
4). Cancer Cells are Immortal: Cancer cells can, with appropriate care, be subcultured in vitro 
indefinitely or be surgically transplanted from one appropriate host to another without time 
limit. Many standard tumor cell lines (Ehrlich ascites cells) have been maintained for decades. 
5). Loss of Anchorage Dependence for Growth: Most malignant neoplastic cells will grow 
readily in semisolid or even fluid media while normal cells can only grow in fluid media. 
3 .  
6). Loss of Contact Inhibition: When growing In culture media, normal cells form a 
monolayer on the surface of the culture flask. When they come into contact with each other , 
further cell division and mobility ceases in the direction of the cell's contact. Cancer cells fail to 
respond to such controls and grow in a disorderly fashion, piled up on each other to create 
multilayered, tangled masses (Harris, 1973). 
7). Diminished Density-Dependent Inhibition of Cell Growth: The phenomenon of contact 
inhibition was thought to arrest cell replication in culture media because of the increasing 
density of the population of cells (Holley, 1975). However, it is now appreciated that contact 
inhibition and density-dependent inhibitions of growth are separate phenomena. Cells grown in 
culture are dependent on many factors present in the serum in medium, such as proteins, 
vitamins, hormones and minerals as well as other constituents. When the medium is depleted of 
essential components required for growth, the cu!ture becomes "density inhibited". One of 
the dramatic change in characteristic of neoplastic transformation is a lowered requirement for 
constituents of serum, thus representing diminished density-dependent inhibition of cell growth 
(Holley, 1975). The basis of this diminished dependence is unclear but may relate to increased 
rates of transmembrane transport of vitai cell substrates. 
8). Progressive Acquisition of the Cancerous Phenotype: There is substantial evidence that 
neoplastic transformation does not occur in "one swell foop ". Rather, it represents a 
sequential process involving successive generations of cells, with each generation becoming 
more deviant. This phenomenon has been termed by Foulds "tumor progression" (Foulds, 
1975). Neoplastic transformation requires cell replication. Tumors are composed of many 
subpopulations of cells that have karyotypic, antigenic and other aggressive attributes that are 
different from those of normal cells. In experimental models, benign tumors may over the span 
of time evolve into malignant neoplasms (Nowell, 1976). Cloning experiments have 
4 .  
demonstrated that within a single neoplasm some cells have a greater ability to metastasize than 
others. This observation has given rise to the concept referred to as "independent assortment" 
of cancerous attributes, thus, as the basal cell carcinoma of the epidermis may invade but not 
metastasize. Analogously, ovarian carcinomas may metastasize by seeding the peritoneal cavity 
but may not have significant capacity to invade. Thus, neoplastic transformation is a dynamic 
process. 
9). Irreversibility of the Cancerous Phenotype: It is generally held that once a cell has 
undergone neoplastic transformation, the process is irreversible. Tumor progression is almost 
always in the direction of greater aggressiveness. There are, however, rare instances, both in 
clinical practice and in experimental systems, of transformation that appears to be reversible 
(Editorial, 1978). In cell culture, depending on dose-time factors, some cells may acquire some 
of the morphologic and functional attributes of transformation yet later revert to apparently 
normal cells. There are a handful of remarkable case reports where patients have experienced 
the miracle of spontaneous regression of cancer (Everson, 1966). Neuroblastomas, which are 
highly malignant cancers, have in some instances reverted to relatively benign ganglioneuromas. 
There is no adequate explanation for such blessed behavior, but it does indicate that neoplastic 
transfonnation is not always irreversible, raising some intriguing speculations about the ultimate 
nature of cancer. 
10). The ability to Fonn Cancers When Implanted in Appropriate Hosts: In the last 
analysis, the phenotypic attribute of a cell marking it most clearly as a transformed cell is its 
ability to indeed give rise to a cancer when implanted into an appropriate host. Often in 
culture media many of the other attributes mentioned above may be present, suggesting that 
the cell has undergone cancerous transformation, but will it grow in a host, invade, 
5 .  
possibly metastasize and ultimately produce a mal ignant neoplasm , this i s  the most critical 
test of neoplastic transformation .  
Chemical Carcinogens 
Many chemicals have been j udged by International Agency for Research on cancer to 
have caused cancer in human (Miller 1 970) . Chemical carcinogens  elicit their specific 
defining adverse effects in the production of cancer in ani mals or humans. In many respects , 
carcinogen ic chemical s are similar to other toxic agents or drugs. They undergo 
biotransformation , as would any similarly structured xenobiotics. Carcinogens interact with 
other environmental agents. Their effect i s  sometimes enhanced and sometimes decreased as 
occurs wi th drugs (Wi lliams and Weisburger, 1 99 1 ) .  Several types of chemicals were 
d iscovered to be carcinogenic i n  experimental ani mals after having first been suspected of 
causing cancer in humans. The association between exposure to soot and coal tar and cancer 
was identified i n  the late 1 8th century by the English physician Percival Pott ,  who observed 
that many of h is  patien ts who had cancer of scrotum were chimney sweeps (Will iams and 
Weisburger, 1 99 1 ,  Robins ,  1 98 1 ,  Lieberman and Lebovitz, 1 990) . That coal tar could cause 
cancer at the poin t  of appl ication in rabbits was reported independently from Japan 
( Yamagiwa & Ich ikawa, 1 9 1 6) .  Investigators in  the United Kingdom directed by Kennaway 
& Cook extracted 50 grams of a chemically pure carcinogen ,  benzo[a]pyrene & 
dibenz[a , h] anthracene from two tons of crude coal tars (Wi ll iams and Wei sburger , 1 99 1 ) .  
These pionee ring observations documented the carcinogen icity o f  polycyclic aromatic 
hydrocarbon s .  Since then , hundreds of chemicals have been shown to be carcinogenic in  
animals (Miller,  1 970, Weisburger, et  ai, 1 975) . 
6. 
The Following Perlinent Observations Have Emerged From the Study of Chemical 
Carcinogens: 
1). They are of  extremely diverse structure and include both natural and synthetic products . 
2) . Some are directly reacting and require no chemical transformation to induce 
carcinogenicity, but others only become active after metabolic conversion . Such agents are 
referred to as procarcinogens and the active end-products as u ltimate carcinogens. 
3) . Al l  chemical carcinogens ,  both the direct reacting and the ultimate carcinogens, are 
highly reactive electrophiles (possess electron-deficien t atoms) that react with nucleophilic 
residues (atoms rich in electrons) in DNA , RNA and cel lu lar proteins (Miller and Miller, 
1 97 1 ) .  
4) .  The binding to DNA has n o  particular gene speci ficity but does have i n  some instances 
chemical specificity . 
5 ) .  The carcinogenicity of man y  chemicals ,  particularly weak carcinogens,  is augmented by 
agents which by themselves have little, i f  any cancerous activity . Such augmenting agents 
are referred to as cocarcinogens or promoters . However,  strong carcinogens have no 
requirement for promoting agents. 
6) . S everal chemical carcinogens may act in concert or with other types of carcinogenic 
influences, e .g . ,  viruses or radiation , to induce neoplasm . 
Polycyclic hydrocarbons are among the most potent of the carcinogens.  They will 
induce in vitro neoplastic transformation of a variety of cell types derived from many animal 
species as well as cancers in vivo in most laboratory animals (Lieberman and Lebovitz, 
7. 
1 990) . The strongest carcinogens In  this  category are 3-methylcholan threne , 7, 1 2-
di methylbenzanthracene, dibenz[a ,h]anthracene and 3,4-benzopyrene (Lieberman and 
Lebovitz, 1 990) . These agents are present in coal and coal products and mineral oils, and 
they are produced in the pyrolysis of many organic substances. Aromatic hydrocarbons are 
presen t  in car exhaust fumes and notably in tobacco tar (Sinclair, 1 978) . However, the 
apparent carcinogenicity of cigarette smoke cannot be attributed solely to polycyclic 
hydrocarbons since the smoke also contains a number of other potential carcinogens, such 
as radioactive compounds, as well as other cancer suspected agents (Schmah l ,  1 977) . 
Critical to the carcinogenicity of the polycyclic hydrocarbons are double bonds located in  a 
particular region of the molecule. Once absorbed into cel l s ,  oxygen is  added to the double 
bond to form an epoxide, the ultimate carcinogens .  A microsomal enzyme, 
arylhydrocarbon hydroxylase, catalyzes this reaction . The epoxide may then bind to DNA, 
RNA or protein .  The carcinogenicity is  most l ikely li nked to the binding to DNA (Brookes, 
et al, 1 964) . 
The aromatic amInes are another type of chemical carcinogens  whose study also 
stems from the d iscovery of cancer in human exposed to them.  In the late 1 800 the German 
physician Rehm noted a n umber of cases of cancer of urinary bladder among workers in the 
dye industry . The experimental evidence for the carcinogenici ty of amines to which these 
workers were exposed did not appear until 1 937 when Hueper and associates in the U . S .  
found that 2-aminonaphthalene could cause bladder cancer in dogs reproducing the lesion 
seen in h u man (Will iams and Weisburger, 1 99 1 ) .  
A romatic amines and azo dyes are also powerful carcinogens i n  animal s  as well as in  
human. The  maj or agents in this category are p-naphthylamine, benzidine, 2-
8 .  
acetylaminofluorine ,  originally synthesized a s  a n  insecticide and the azo dyes scarlet red and 
butter yellow (dimethylaminoazobenzene) . Both of these dyes were developed to color food , 
the latter to give margarine the natural color of butter. This category of agents was the fust 
to i l lustrate the requirement for metabolic conversion of procarcinogens (Mil ler et al 1 966) . 
p-naphthylamine,  principally encountered i n  anil ine dye and rubber industries , induces 
bladder cancer in animals and in industrial workers , having produced in the past a fifty fold 
increased i ncidence in  those chronically exposed (Kleinfeld ,  et al 1 965) .  Yet when directly 
i ntroduced i nto the bladder in an an imal , it  is non-carcinogenic. After absorption , p­
naphthylamine i s  converted in  the l iver in to a carcinogenic aminophenol . The l iver then 
conj ugates the aminophenol to glucuronic acid , detoxifying it. But when extracted in the 
urine,  the nontoxic conj ugate is spli t  by the urinary enzyme glucuronidase to release the 
carcinogenic aminophenol . Analogously, other aromatic amines and azo dyes require 
con version in to u lt imate carcinogens ,  which can interact with proteins  and particularly with 
nucleic acids .  Ehrlich in  Germany discovered that exposure to a bis azo dye, scarlet red or 
C.L solvent  Red 24 , led to a reversible prol i feration of l iver cel ls. It was not unti l  25 years 
later between 1 932 and 1 934 that in a pioneering study in Japan , Kinosita and Yoshida 
i ndependently discovered the carcinogenic effect of some azo dyes in rodents (Williams and 
Weisburger, 1 99 1 ) .  Thereafter,  many other classes and types of chemicals were found to be 
carcinogen ic in ani mals .  Some of these chemical s such as vinyl chloride, were discovered 
after they were suspected of being involved in  the development of cancer in  humans .  Some 
chemicals w ere found to be carcinogenic in the course of bioassay for the detection of a 
diverse effect i n  a chronic toxicity study . This was the case with 2-acetylami nofluorene and 
dimethylni trosamine.  Some chemicals were also discovered to be carcinogenic d uring 
investigations that attempted to reproduce in  laboratory ani mals adverse effects that had been 
9. 
observed in humans or domestic animals.  A study deal ing with the possible causative factors 
of anyotroph ic lateral sclerosis prevalent on pacific islands led to the finding that the plant 
product Cycasin was a potent carcinogen . 1 ,2-di methylhydrazine was found to be a 
carc inogen as a result of its structural si mi larity to a glycone of cycasin ,  
methylazoxymethanol (Williams and Weisburger, 1 99 1 ) .  
Nitrosamines are direct reacting carcinogens that are not  normally found in  human 
foods. Of concern is the possibi l i ty that ni trites ,  used as meat preservatives, may be 
converted in to carcinogenic n itrosamines in the gastrointestinal tract .  Arti ficial sweeteners, 
particularly saccharin ,  are suspected of causing bladder cancer. The most recent  studies do 
not indicate significant carcinogenicity , yet in  those with a low background risk, such as 
nonsmoking women , heavy users of saccharin have a sligh tly increased incidence of this 
neoplasm .  A lso at risk are infants born of mothers consuming relatively large quan ti ty 
d uring pregn ancy , who are then weaned to a diet rich i n  saccharin (Hoover, et aI, 1 980, 
C live ,  et al, 1 979) . 
A sbestos predisposes to a variety of cancers in  humans ,  particularly mesothel iomas 
and bronchogenic carcinomas (Lieberman and Lebovitz,  1 990, Robins ,  198 1 ) .  Vinyl 
chloride has induced hemangiosarcoma of the l iver i n  heavily exposed industrial workers . 
Chromium and nickel compounds, when volati l ized and inhaled , have caused cancer of the 
lungs .  A lkylating agents, used in  the chemotherapy of neoplasms, have themselves induced 
a significantly increased incidence of acute leukemia (Bergsagel ,  et aI, 1 979 , Reimer, et aI, 
1 977) .  The polyhalogenated biphenyls and many of the insecticides, such as aldri n ,  d ieldrin 
and chlordane,  are also suspect (Heidelberger, 1 975) .  
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Chemical carcinogens may be presen t i n  hu man diets or  be  produced from dietary 
substances (Sinclair ,  1 978) . The fungus Aspergi l lus  flavus which grows on improperly 
stored grain s  and nuts,  produces aflatoxins ,  that are potent hepatocarcinogen for animals and 
humans (Mil ler, et aI 1 976) . Aflatoxins  have been found in h uman foods in many regions of 
the world and are thought to underlie the extremely high incidence of l iver cel l carcinoma in 
regions of Africa & Indochina (Peers, et al 1 976) . 
Other studies i n  1 950's investigating the case of Turkey X disease , which was 
responsible for extensive losses of l ivestock,  pinpointed aflatoxin B l and later other 
mycotoxins as hepatotoxins and a potent carcinogens .  The powerful  carcinogenicity of bis­
chloremethyl ether was observed first in the laboratory and few years later lung cancer was 
noted in individuals exposed occupational ly  (Wil liams and Weisburger, 1 99 1 ) . 
Mechanism of Cell  Transformation : 
The chemical carcinogens have opened many windows into the mechanisms of 
neoplastic transformation (Ryser, 1 97 1 , Weinstein ,  1 976) . 
First, chemical carcinogenesis is dose-dependent. The larger the dose, the greater the 
incidence of tumors in a series of animals and the more widespread the neoplastic 
transformation of cell s  in vitro. To a large extent ,  the sequential administration of small 
doses has the same effect as a comparable total dose given at once, depending on the 
potency of the carcinogen ,  the length of the ti me interval between doses and the 
effectiveness of repair mechanisms. Thus, it appears that cancers may emerge from multiple 
smal l  h i ts and moreover, the effects of a carcinogen are irreversible. 
1 1 . 
Second , there is a latent period between the ad mini stration of a chemical carcinogen 
and neoplastic transformation . The duration of the lag period varies with the strength of the 
agent ,  the susceptibility of the host and probably other factors as wel l .  In humans ,  this lag 
phase ranges from 5 to 30 years , in lower animals the lag is proportional to the l ifespan of 
the species but there appears to be an absolute minimum period of latency of the order of 
50 or more days.  During this period , generations of cel ls have spawned . Thus neoplastic 
transformation is a mul tistep process involving successive clones. 
Third , the evidence is strong that carcinogenic chemical s ultimately exert their effect 
by binding to DNA,  thus, induce a mutation . Although interaction with RNA and cellular 
protein s  cannot be excluded , the weight of evidence speaks in favor of chemical alteration of 
the nucleotides in DNA. Although many l ines of evidence support this conclusion , perhaps 
most convi ncing is that the overwhelming majority of chemical carcinogens can be shown to 
be mutagenic in the A mes test (Ames, 1 979) . If the agent is mutagenic, some bacteria will 
back-mutate from a defective histidine gene to a functional gene, thus allowing them to 
synthesize h istidine required for their growth . The number of revertants is a rough measure 
of the mutagenicity of the agent ,  which correlates to a large extent with its carcinogenicity . 
Other studies indicate that for most carcinogens,  guanine is the preferred locus of binding. 
This ,  in essence , creates a point  mutation ,  which may lead to base-pair substitution or 
frame-shift mutations .  The altered guanine may pair incorrectly with thymine or adenine 
instead of i ts correct partner, cytosine .  Such mispai ring may lead to substitution of one 
amino acid for another when translated into protein .  Other DNA alterations may also occur, 
but it should be emphasized that binding to RNA and proteins has not been excluded as the 
carcinogenic event. There is  some evidence that cancer is not always irreversible. Indeed, in  
1 2 .  
cell cultures with low dosage of carcinogenic agents and under other appropriate conditions, 
cells that di splay some of the attributes of neoplastic transformation may occasional ly revert 
(Stanbridge, 1 976, Sager and Kovac , 1 978 , Ringertz and Savage,  1 976) . Thus,  the concept 
that c arcinogenesis is a mutational process is not irrefutable ,  the possibil ity that it is  
epigenetic and a disorder of differentiation has not been excluded . However, it  should be 
pointed out that reversion of transformed cel ls  to normal may not of necessity point to 
epigenetic m echanisms, since there is good evidence that mutations can be repaired . 
Fourt h ,  cel l  replication favors the carcinogenicity of chemical s .  Indeed , carcinogenic 
transformation probably would not occur in the absence of cel l prol iferation (Cayama, et al 
1 978) . Promoters themselves may act as cocarcinogen s  (Berenblum,  1 94 1 ) .  It was 
demonstrated that non tumorigenic doses of a carcinogen would evoke tumors when foilowed 
by the appl ication of croton oil (active principle, phorbol ester) or phenol , themselves 
virtually  noncarcinogenic.  The carcinogen is now referred to as the initiator and the croton 
oil  as the promoter. When given in reverse order, that i s ,  promoter first , no tumors appear. 
Moreover,  as has been said,  the initiator induces an apparently irreversible effect ,  the action 
of the promoter i s  transient . It is now apparent that the principal action of the promoter is  
stim ulation of cell prol iferation . Analogously, tissue inj ury and repair, non-neoplastic 
hyperpl asia and other cel l replicative processes all provide a soil for the action of chemical 
carcinogens (Hennings,  et aI, 1 970) . Cel l replication may be required to permanently fix the 
mutation or  to amplify it. With cell replication ,  unrepaired mutations may be compounded .  
Chemical carcinogenesis has taught us  that the emergence o f  the neoplastic cell i s  in all 
l ikelihood a m ulti-hit ,  multistep process involving successive generations of cells .  
Berenblurn's model has been referred to as the two-stage induction of cancer (Berenblum,  
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1949) . It i s  more likely that many stages and indeed , more than a single carcinogenic agent, 
are involved . There is  ample documentation that cel ls  previously exposed to radiant energy 
are more vul nerable to chemical carcinogens and that viral oncogenesis may be favored by 
chemical agents. Thus ,  in humans ,  the emergence of a cancer may be the unfortunate 
consequence of many carcinogenic influences acting in concert or sequential ly  over a long 
time span . It is for this reason that many experts contend that there is no safe minimum level 
of exposure to potential carcinogens,  a view that can now be seen to have sound foundation . 
Control of Cel l  G rowth : 
Glutathione-S-transferase (GST) is a family of enzymes that act as catalysts between 
reduced glutathione and a variety of electrophiles (Jakoby ,  1 977; Mannervik,  et ai, 1 985). 
There are theo retical reasons why patients with reduced GST expression have an increased 
risk of developing cancer. Harada, et al, ( 1 992) showed that patients with gastric 
carcinomas had a higher frequency of GST gene deletion than healthy controls .  
The ras oncogene family has three members Ha-ras , Ki-ras and N-ras. They are 
thought  to play a role i n  signal transduction ,  for cell proliferation , transformation and 
differentiation depending on tissue. Many types of human tumors (Barbacid , 1 9 87) have 
either m u tations or high expression of ras oncogene. Most common mutations in Ras genes 
have been reported to change amino acid residues at position 1 2 ,  1 3 ,  59 and 63 (Bos , 1 987, 
1 989) . Ki-ras mutations have been described in  well-differentiated gastric carcinomas ,  but 
not in  all cases,  and usual ly at a low frequency. A recent publ ication on this subj ect showed 
ras m u tation i n  only 3 %  of patients with gastric carcinomas (Koshiba, et ai, 1 993). 
Investigations of  ras over-expression using immunocytochemical technique have also yielded 
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inconsistent results .  Mutation in ras genes has been found to be 90% in hu man pancreatic 
cancer (Maruta and Burgess 1 992) . It is believed that Ras plays a critical role in the 
developing  of 30 % of total human cancer (Bollag and McCormick, 1 99 1 ) .  
The p53 gene i s  a tumor suppressor gene located o n  chromosome 1 7p13 . Inactivation 
of the p53 tumor suppressor is a common event in the development of diverse types of 
h uman cancers. About half of all cancer cases involve missense mutations of one p53 allele 
coupled to the deletion of the second allele (Hollstein er aZ, 1 99 1 ) ,  and many of the 
remaining cases involve cel lular or viral oncogenes that inactivate p53 (Oliner, et ai, 1 992) .  
Different carc inogens seem to cause d i fferent characteristic mutations (Harris ,  1 993). 
Exposure to one common carcInogen ,  ul traviolet l ight,  i s  correlated with transition 
mutations at dipyrimidine sites (Brash , et aZ, 1 99 1 ) ;  dietary aflatoxin B-1  exposure is 
correlated with G : C  to T: A transversion in  hepatocellular carcinoma (Hsu, et ai, 1 99 1 )  and 
exposure to cigarette smoke is correlated with G :  C to T: A transversion in lung and neck 
carcinoma (Takesh ima, el ai, 1 993) . The majority of mutations in p53 are in the 
hydrophobic mid-region of the protein (Harri s ,  1 993) spanning exons II  to IX of the gene. 
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Mouse Leukemic  Cell Line L-5178 Y: 
The L-5 1 78Y cell l ine was original ly isolated by Dr. Lloyd W .  Law in the 
laboratory of Cell Biology at the National Cancer Insti tute in the early 1 950 's .  Dr. Law was 
attempting to induce tumors in  female DBA/2 mice by painting them with various doses of 
3-methylcholantherene .  He isolated several leukemic cell l ines ( including L- 1 578) that were 
carried as intraperitoneal ascites (D.  Clive, er of 1983) . It was not possible to propagate 
leukemic cells conti nuously i n  the absence of a feeder layer of nonleukemic cells (DeBruyn, 
et af 1 949) . I n  1 93 8  Bichel reported that leukemic cells from mice would not reproduce in  
the cul tu re media used a t  that time, bu t  requi red a feeder layer of  chick fibroblasts (Fischer, 
1 958) .  These studies were confirmed and extended by DeBruyn who grew leukemic 
lymphoblasts on a supporting layer of mouse fibroblasts (DeBruyn, elol 1 949) .  
Fischer described the successful culture o f  several strai ns o f  L-5 1 78, a lymphocytic 
mouse leu kemia .  The medium he developed, which contains peptone and a very high level 
of folic acid, permits the conti nuous reproduction, in vitro and in the absence of feeder 
layers, of the leukemic cel l s .  Several l ines of evidence have been obtained in support of the 
statement that leukemic cel ls  representative of L-5 1 78 reproduce in the medium devised,. 
Titration studies on susceptible strains of mice with cell s  grown in  culture have 
demonstrated that there i s  no loss of virulence on long-continued propagation in viiro. The 
cells in cultu re retain their morphologic characteri stics unaltered, continue to grow in the 
supernatant flu id of the medium, and retai n thei r round-cell character and staining 
properties .  Cultures obtained from the ascitic cavi ty of mice duri ng the logarithmic phase of 
their growth, resume logarithmic rates of reproduction with an intervening lag period of no 
more than 5 hours . I n  addition Fischer observed that, cytological studies have demonstrated 
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that the diploid character o f  the cel ls  i s  retai ned after 60 cell generations i n  culture (Fischer, 
1 958) . Final ly ,  single cells ,  isolated from populations grown in culture, have given rise to 
genetical ly  homogeneous populations of cel ls  with the same general properties as those 
exhibited by parent strains (Fischer, 1 95 8) .  
The medium that h e  developed at Yale University i n  1 95 8  and which bears h i s  name, 
therefore one clone of L-5 1 78 cel ls ,  which he and his colleagues used for most of their 
works (Fischer, 1 97 1 )  was termed L-5 1 78 Y  (the 'Y ' stands for Yale) , (D . Clive, et ai, 
1 983) . The L-5 1 78 cell l ine possessed many Characteri stics that made it an excellent choice 
for biochemical and genetic studies: adaptability to protocol changes and various genetic end 
points, rapid growth in suspension culture (generation time reported from 7- 1 4  and 12-20 
hours) , high plating efficiency,  and stable, near diploid chromosome number (40 +/- 1 )  
(Fi scher, 1 97 1 ,  Fischer, et ai, 1 974 , Amacher, er aI, 1 982 , Goldenberg ef ai, 1 965, Clive , 
et al 1 979, 1 983) . Derivatives of the L-5 1 78Y were used in  the studies presented in this 
paper which are L-5 1 78YS ('S '  stands for sensitive) and L-5 1 78YR ('R ' stands for 
resistance) , for simplicity therefore it wil l  be referred as'S ' and 'R ' .  
B(a)P and DMBA are Potential Carcinogens : 
Polycyclic aromatic hydrocarbons (PAR) are a ubiquitous class of chemicals 
produced during the combustion of fossil fuel s .  It i s  esti mated in the United States that 
nearly 900 tons of benzo(a)pyrene, is emitted into the air each year (Williams and 
Weisburger, 1 99 1 )  Benzo(a)pyrene occurs in many environments such as forest soi ls ,  river 
water ,  marine flora and fauna, and has been found in industrial effluents, atmospheric 
particulate matter, car exhaust fumes and food stuffs (Sinclair and Frost, 1 978) . In 1 978 
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Swanson reported the concentration of B(a)P in the atmospheric air at the environmental 
level of  1 0  picograms/m3 air in rural area, to 460 nanograms/m3 air in industrial area, 
(Swanson, et aI, 1 978) . Gelboin reported B(a)P as an arylating agent which causes 
mutations chromosome breaks and cytogenetic abnormalities in sea urchin gastrulae 
(Gelboin, 1 980) . Hose , et al reported that the exposure to B(a)P resulted in depressed 
mitotic rates in  sea urchin embryos (Hose, et al, 1 983) . Santodonato suggested that the 
mitotic inhibition may be caused by toxic metabol ites of PAH which appear to selectively 
attack DNA i n  the S phase of the mitotic cycle (Santodonato, 198 1 ) .  Other studies showed 
representatives of this chemical compound were physical ly complexed with DNA in vitro 
(Boyland and Green, 1 9 62 .  Lesko, et al, 1 9 68 ,  Liquori , er al, 1 9 62) as well as becoming 
covalently bound to cellular macromolecules in vivo (Brooks and Heidelberger, 1969.  
Brooks and Lawley, 1 9 64 ,  Heidelberger and Moldenhauer, 1 95 6, Mi l ler, 1 95 1 ) .  Strong 
evidence has recently been obtained that the binding of hydrocarbons to the macromolecular 
constituents of cul tured cells, including DNA , was of the firm covalent variety and might 
accordingly be expected to be more important for carcinogenesis and mutagenesis (Kuroki 
and Heidelberger, 1 97 1 ) .  However, the exact molecular mechanism involved in this 
chemical binding, the extent of their attack on the various cell components (DNA, RNA and 
proteins) and the role of these different reactions to the process of malignant transformation 
sti l l  remains to be reported (Huberman, et aI, 1 97 1 . ,  Kuroki and Heidelberger, 1 97 1 . ,  
M il ler and Mi l ler 1 97 1 ) .  Fahmy studied the m utabi l i ty at the rRNA genes i n  Drosophila by 
DMBA and B(a)P (Fahmy and Fah my, 1 970 , Fah my and Fahmy 1 973) . These known 
potent carcinogens and their derivatives have been extensively tested i n  different mutation 
assays .  A s  mentioned, the strongest carcinogens in this category are DMBA, and B(a)P and 
they are present in coal and coal products and mineral oils, and they are produced in the 
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pyrolysis of  many organic substances . The important part of these polycyclic hydrocarbons 
are the double bonds located in a particular region of the molecule termed as K-region. 
Once absorbed into cells ,  oxygen is added to the K-region double bond to form an epoxide, 
the u l ti mate carcinogen. A microsomal enzyme , aryl hydrocarbon hydroxylase, catalyzes 
this reaction. The epoxide may bind to DNA , RNA or proteins ,  but the carcinogenicity is  
most closely l inked to the binding to DNA (Bradley, er aI, 1 98 1 ,  Clatt er aI, 1 980 , Fahmy,  
et ai, 1 973,  Clive,  er  al, 1 979 , Conney ,  el  aI, 1 994 ,  Amacher, el  aI, 1 982) . The structure 
of benzo(a)pyrene and dimethylbenzanthracene are shown in  figure-I . 






Test for Carcinogenicity of Chemical Pollutants : 
Scientists believe that al terations in the structure and function of DNA play a crucial 
role in the production of cancer by chemical s .  The animal bioassay for detecting 
carcinogenic chemicals is a large, complex and very expensive scientific study using 
hundreds of  rodents to which the suspect chemical is administered for most of their l ife .  
Also,  the specific locus test in mice (Searle ,  1 975) , which is one of the assays for detecting 
heritable gene mutation in mammals,  requires the examination of many thousands of 
offspring and is equal ly expensive and time consuming .  
Therefore ,  with the multitude o f  chemicals introduced into the environment this 
century , and the hundred of new compounds being synthesized each year, only a small 
fraction can be tested in conventional ani mal studies , for these reasons, the last two 
decades have seen the introduction of a number of relatively rapid tests for detecting 
mutagenic and carcinogenic chemicals .  Such tests are economical in resources and produce 
results in a matter of weeks. Al l  of these short-term procedures are based on the 
demonstration of chromosomal damage , gene mutation, or DNA damage and many of them 
are in vitro assays ,  and the test organisms ranging from bacteria and yeast to insects, plants 
and cultured mammalian cel ls .  
A mes (Ames, 1 977, A mes , et aI, 1 973) reported that the results of the salmonella 
typhimurium microsome test for the mutagenic potential of chemicals corresponded with 
observations of carcinogenicity in laboratory animals in 80-90 % of the chemicals examined . 
More recently a lower level of correlation was ind icated (Kretzer, et aI, 1 979) , the failure to 
detect all ani mal carcinogens by this test could be due to one of three factors: a) the animal 
studies led to erroneous conclusions, . b) the Ames test is not appropriate for use with 
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specific classes of chemical s ,  or c) the chemical induced cancer by a mechanism other than 
induction of genotoxicity. The major di fficul ty is that current definitions of the term 
carcinogen do not consider the mechanism by which cancer is induced in specific cases.  
Thus,  i t  was suggested (Clayson, 19 62 , 198 1 ) ;  a carcinogen i s  an agent or process which 
signi ficantl y  i ncreases the yield of mal ignant neoplasms in a population. 
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AIM OF PRESENT INVESTIGATION 
Benzo(a)pyrene (B(a) P) and DMBA are known as potent carcinogens .  These 
compounds change the n ucleotide sequence of DNA. these changes may occur in genes 
responsible for control of cel l growth and behavior. In that conditions cell morphology and 
growth patterns are affected . Techniques are now avai lable to look at the changes in cell 
behavior upon exposure to chemicals .  This investigation was designed to evaluate the 
potency of B(a)P and DMBA to change DNA molecules in the cel l in relation to its 
oncogenic (cancerous) behavior as well as expression of early marker in tissue culture 
condition (pS3 , ras, GST) of cancer .  I n  this investigation it was found that both B(a)P and 
DMBA could change the oncogenic behavior of the cell , most possibly by affecting DNA 
structure .  
M ATERIALS AND 
M ETHODS 
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1.  Cel l  cu l ture :  
a) Reagents: Fischer' s  medium (S igma Chemical s Co . ) ,  agarose (Sigma Chemicals Co. ) ,  
fetal calf serum (Life Technologies) , penicilli n/streptomycin (Sigma Chemicals Co. ) ,  
sod ium pyruvate (S igma Chemical Co. , ) .  
b) Preparation of Media: About 10 . 6 g Fischer 's  medium and 1 . 1 25 g sodium carbonate 
and 0 . 1 g sodium pyruvate were taken in a con ical flask and were dissolved in 850 ml of 
distil led water.  The medium was steril ized by filtering through 0 .22 J...lm membrane (Nalgen 
filters) and 80 ml of fetal calf serum was added . Then 1 ml of penicillin/streptomycin was 
added per 1 00 m l  of medium and stored at 4°C (Freshney, 1 9 87) . 
c) Culture of mouse R and S cells: Mouse leukemic cell l ine L-5 1 78 ,  R and S were 
cultured i n  the Fischer ' s  medium containing 1 0  % fetal calf serum at 37°C in 95 % 
atmospheric air and 5 % CO2 • The cel ls  were al lowed to grow unti l  i t  reached log phase. 
Cells were collected by centrifugation at 4000 rpm for 1 0  minutes and suspended in fresh 
medium so that fin al concentration of cel l s  was about 5 x 1 04 cel ls  per ml .  Fresh medium 
was exchanged every week and cel ls were used for various experiments. 
The cells were cultured in the Fischer' s  medium with 1 0 %  fetal calf serum in  30 ml 
culture flask containing 10 ml of medium,  and i t  was subcultured every 3 days by 
transferring  aliquots to fresh medium . Cells for the i noculum were taken from stock cultures 
in the logarithmic phase of growth and di luted to get a concentration of 2 to 3 X 1 05 cells 
per millil iter. The cultures were incubated in  a humidified incubator supplied with a 
constant amount of 5 % CO2 in air at 37°C .  Every three days the fresh populations of cells 
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were centri fuged and the supernatant was aspi rated and the pellet was suspended in 1 0  ml of 
fresh medium and then 1 ml of the suspension was added to 10 ml fresh medium in  culture 
flask.  The media were kept for 30 minutes at 37°C in a water bath before use. 
2. Treatment of l\1ouse R and S Cel ls w ith Carcinogens:  
a) Preparation of carcinogen (benzo (a)pyrene and dimethylbenzanthracene) solutions: 
2 . 5  mg of Benzo[a)pyrene ( m . w .  252) and di methylbenzanthracene ( m . w .  25 6) were 
dissolved i n  1 m l  of acetone in an eppendorff tube to get a 1 0  m M  concentration . 1 00 III of 
this solution was diluted to 1 ml to get a concentration of 1 mM.  The solutions were 
aliquoted and stored at -70°C for long time storage and at -20°C for regular use. 
b) Carcinogen treatment of R and S cells: 
i) Treatmem of R and S cells wirh B (a)P and DMBA: The 20 ml  R and S type cel ls  were 
transferred from culture flasks to 50 ml falcon tubes and centrifuged at 4000 rpm for 1 0  
min . The supernatant was aspi rated and 3 ml of fresh medium was added to the pellet and 
suspended . Each one m l  of this suspension was transferred to new sets of tubes , total of 6 
tubes and that were labeled according to the cell type and carcinogen , RC (control of R),  
RBP (B(a)P treatment of R) , RD (DMBA treatment of R) , SC (control of S) , SBP (BP 
treatment  of S) , SD (DMBA treatment of S) . Ten pI of acetone was added to the control , 1 0  
III o f  1 0  m M  DMBA to each o f  R and S ,  and 1 0  p I  of 1 0  m M  B(a)P to each R and S type 
celL The cell s  were incubated for 1 hour at 37°C in the incubator. A fter one hour of 
incubation 9 m l  of fresh medium was added to each and incubated for seven days.  Later the 
cel l s  were collec ted and centrifuged . The supernatan t was discarded and the cells were lysed 
for DNA analysis .  
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ii) Treatment of S cells wirh differenr concenrrarion of B(a.)P and DMBA : The S cells 
(5x 1 04) were taken from flasks and transferred to falcon tubes and centrifuged at 4000 rpm 
for 1 0  m i n .  The supernatant was discarded and the pellet was suspended i n  3 ml of fresh 
mediu m .  One ml  of this suspension was transferred to a new set of tubes marked SC 
(control) , S B I  (B(a)P treatment of 1 mM) , S B I O  (B(a)P treatment of 10 mM),  SD I 
(DMBA treatment of 1 mM) ,  and SD 1 0  (DMBA treatment of 1 0  mM).  Ten III of acetone 
was added to the control and 1 0  III of ei ther 1 mM or 1 0  mM carcinogen was added to the 
spec ific tubes . I t  was mixed and left for 5 minutes , 9 ml  of fresh medium was added and 
i ncubated for seven days at 37°C in 95 % atmospheric air and 5 % CO2 .  Cells were collected 
and DNA was i solated . 
iii) Treatment of R and S cell line with repeated doses of B(a)P and DMBA: A set of R 
and S cel l s  were taken (5x 1 04) and centr ifuged . The supernatant was d iscarded and the 
pellet was suspended in 3 ml fresh medium.  One ml of this suspension was transferred to 9 
m l  fresh m edium and 1 0  III of acetone,  1 0  �Ll of 1 0  m M  B(a)P or 1 0  m M  DMBA were 
added to the appropriate flasks . The treatment was carried out for three consecutive days 
and then cells were collected and DNA was i solated . 
3 .  Isolation of Carcinogen Treated C lones: 
Mouse leukemic S cel ls  were cultured at  a density of 5 x 1 04 cel ls  per ml  i n  1 50 mm 
dishes .  The S cell s  were then treated with 10 m M  B(a)P or 10 m M  DMBA for three 
consecutive days .  The medium from the plate was removed (with suspending cells) and 
fresh medium was added to it .  The cel ls were allowed to grow for two weeks. Independent 
colonies of various sizes appeared . 
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Sixteen colonies (clones) were i solated under the microscope and transferred to 96 
well plate containing 300 III of medium in each wel l  and incubated for 3 days. 
4. Determination of Generation (Doubling) Time:  
Each of the clones was transferred to 6 well plates containing 3 ml  of  medium,  
cultured separately and labeled as  SBI  to  SB 16.  Part of individual clones was transferred to 
a new set of 6 well plates (each well con tain ing 5x l 04 cel l s  per ml) and incubated for one 
week . Aliquots from each culture was withdrawn and the density of cell was calculated 
everyday . G rowth curve (Fig. 3) was plotted for each of the clones. Generation (doubling) 
time was determined from the log phase of the curve. 
The same procedure was carried out for S cel l s  which was treated with 10 mM 
DMBA, in  a group of 8 ,  and two sets of  controls ,  one for B(a)P 1 0  mM in  a group of 10 ,  
and the other for 10  m M  DMBA, in a group of 5 ( total number of 39) . 
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Each clone was plated a t  5x 1 04 cell s  per ml  and incubated for one week. Aliquots 
from each culture were withdrawn and the cell density was counted every day . The growth 
curve was made by plotting the log value of the cell number versus the t ime. The figure 
shown above represents a growth curve for B(a)P treated clone. 
s .  Soft Agarose Colony Formation Assay : 
a) Soft Agarose Preparat ion :  
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i) Preparation of base agarose (0. 5%): One gram of agarose was taken in  1 00 ml of  
distil led water and heated until  it completely dissolved . Agarose solution was kept to  cool 
down to 50°C .  Fischer' s  medium (2 x) containing 20 % fetal calf serum was warmed up to 
40°C .  Equal volumes of the two solutions were mixed . About 1 . 5 ml of the mixture was 
added to 35 m m  petri dishes. The gel was allowed to sol idify and then stored at 4°C .  
ii) Preparation of top agarose: About 0 . 7  grams of agarose was taken in  1 00 ml of distilled 
water and heated un til  it was dissolved completely .  The solution was cooled to 50°C and 
Fischer' s  m edium (2 x) containing 20 % fetal cal f serum was warmed up to 40°C .  Cell s  
number from different  clones were counted and adjusted to get around 4 x 1 04 cells per ml . 
The 35 m m  petri d ishes with base agar were removed from the refrigerator 30 minutes 
before adding the top agar. I n  a 1 5  ml corning tube , 2 . 5  ml of 2x Fischer' s  medium with 
20 % fetal calf serum and 2 . 5  ml  of 0 . 7 %  agar was taken and was mixed gently .  To this 
solution ,  1 00 III of cell suspension was taken and mixed . About 1 . 5 ml  of this suspension 
was poured to plates (triplicate for each clone) . The agarose suspension was kept at room 
temperature unti l  i t  was sol idified . The plates were incubated in a humidified incubator at 
37°C with 95 % atmospheric air and 5 % CO2 for 1 4  days (Nur-E-Kamal , et al. , 1 992 , Nur­
E-Kamal , et al. , 1 993) . The number of colonies were counted under the microscope. 
6. Isolation of DNA from B [a]P and DMBA Treated Clones : 
For each clone 25 ml  of culture was made to get a cel l density of 5x 1 05 cell s  per ml .  
Culture was taken i n  a corning tube (50 ml) and centri fuged at  4000 rpm for 1 0  min .  The 
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pel let was washed three times with PBS . Then the cel ls  were suspended in 1 ml PBS and 
transferred to 1 5  ml corn i ng tubes and centrifuged at 4000 rpm for 10 minutes , supernatant 
was discarded . 
The pellet was suspended in 0 .5  ml of TE and vortexed . Then the suspension 
transferred to eppendorff tube and centrifuged at 5000 rpm for 3 minutes, 0 .5  ml of WBC 
lysis buffer (NaCI ,  0 .3M ; Tris HCl pH 7 . 4 ,  1 0  mM : EDTA , 1 0  mM;  Urea, 7 M ; SDS 
2 % )  was added and mixed by vortex and heated at 65°C for 10 minutes. After heating, 0 .6  
m1  of Phenoll chloroform/isoamylalcohol (25 :24 :  1 )  was added to each tube and mixed by 
vortex . The mixture was centri fuged at 1 2000 rpm for 7 minutes and the upper phase was 
transferred to new tubes. About 0 .6  ml of chloroformlisoamylalcohol (24 : 1 )  was added to 
each tube and mixed by vortex , later centrifuged for 5 minutes at 1 2000 rpm. The upper 
phase was transferred to new sets of tubes and 0 . 4  ml of isopropyl alcohol was added to 
each tube , mixed and left overn igh t at room temperature .  
Next day i t  was centrifuged at 1 2000 rpm for 1 0  minutes and supernatant was 
discarded , and the precipitate were dried under vacuum for about 1 5  minutes. DNA pellet 
was dissolved in 0 . 1 ml of TE buffer. The solution was then analyzed by spectrophotometer 
and agarose gel electrophoresis .  
7.  Analysis of DNA by agarose gel  electrophoresis : 
a) Preparation of TBE (Tris-borate EDTA b u ffer) : 
To prepare a 5X TBE the fol lowing chemicals were used : 
Tris base 
Boric acid 
0 . 25 M EDTA(pH 8) 
Distil led water 
54 g 
27 .5  g 
40 ml 
960 ml  
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Total volume 1000 ml was prepared and it was dil uted 5 times before use (Maniatis ,  1 982) . 
b) Preparat ion of agarose gel :  
Different  concentration (0. 7 %  to 2 % )  o f  agarose were used . Required amount of 
agarose were taken in 1 00 ml of 1 x TBE, and were melted in a microwave oven . Five III of 
ethidiu m  bromide ( 1 0  mg/ml) were added to the solution and mixed wel l .  The gel solution 
was kept at room temperature to cool down to 65°C and then poured on the DNA-subcell 
electrophoresis plate and was allowed to sol idify (Maniatis 1 9 82) .  
c)  Agarose gel  electrophoresis : 
The gel was transferred to the electrophoresis tank containing 1 X TBE and ethidium 
bromide (0. 5  mg/ml) . Ten III of each DNA sample was mixed with 1 III of loading dye 
solution and loaded on to the gel . Five �ll of lambda Hind I I I  (size marker) was added to 
one well on each gel . The electrophoresis tank was connected to the power source and set at 
80 volts (constant) for 90 minutes. 
d) Visual izat ion of DNA in agarose gel:  
The gel was kept under ultraviolet l ight (transi l luminator, Flowgen-TFX-20 M ,  San 
Gabriel , C A . )  and picture of the gel was taken by using a polaroid camera (DS 34 with EP 
H6 Hood) . 
8 .  Analysis of protein from B [a]P and DMBA treated cells 
a) Preparation of sample buffer :  
Sample buffer was prepared by using and mixing the fol lowing : 
Distilled water 
0 . 5  M Tris-HCl ,  pH 6. 8 
Glycerol 
Sucrose 1 0 %  
1 0 %  (w/v) SDS 
2-�-mercaptoethanol 
0 .05 % (w/v) bromophenol blue 
4 ml  
1 ml  
0 . 4  m l  
0 . 4  ml  
1 . 6 ml 
0.4 ml  
0 .2  ml  
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b) Ext ract ion of  protei n :  
Cells were cultured to get about 1 . 3 x 1 06 cells and collected from the culture flasks 
by centri fugation at 4000 rpm for 1 0  min . The supernatant was discarded and the pellet was 
suspended in 0 . 3  ml of sample buffer. The suspension was heated upto 95°C in a water bath 
for 1 5  minutes. Then the solution was transferred to eppendorff tubes , and stored at -20°C .  
c )  Est imat ion  of  Protein Concentrat ion by B radford "Method:  
A standard protein solution ( 1 . 4 mg per 1 ml) was prepared by using Bovine plasma 
gamma globulin (Bio-Rad protein assay ki t ,  Standard 1 )  which was dissolved in 20 ml of 
distilled water .  
Three different  concentrations ( 1 4 , 70 and 1 40 /lg) of bovine plasma gamma globulin 
were diluted to 1 ml with distilled water and 4 ml of Bradford solution (Bradford , 1 976) was 
added to these solu tions and mixed wel l .  The solution was kept at room temperature for 1 0  
minutes. The absorbance o f  each sample was determined at 595 nm using DU-70 (Beckman) 
spectrophotometer. A standard curve (Fig . 3) was made by plotting O . D .  ( Y  axis) versus the 
concentration of protein (X axis) . Protein solution from each of the clones was treated with 
Bradford reagent (Bio Rad) in a similar way . The absorbance of the solution was determined 
at 595 n m  and then the concentration of protein was determined by using the standard curve. 
o 
o 





o 1 4  70 
�g 
Three different concentrations ( 1 4 ,  70 and 1 40 J.lg) of bovine 
plasma globul in  solution ( 1 . 4 mg/ml) were d i luted to 1 ml  with 
distilled water. To these samples 4 ml of Bradford solution was 
added and mixed .  The absorbance of each sample was determined 
at 595 n m .  The standard curve was made by plotti ng O . D .  against 
concentration of protein .  
1 40 
3 2 .  
9.  Polyacrylamide Gel Electrophores is  (PAGE) :  
a) Preparat ion o f  S X  ru nning bu ffer:  




Distil led water to 
9 g 
43 . 2  g 
3 g  
600 ml  
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The chemicals were dissolved completely and stored . 1 X solution was made by 
diluting 60 ml to 300 ml with water before use in electrophoresis .  
a) Preparat ion of  Gel : 
i) Preparation of Separating gel (12 %): 
The following chemical s were taken in a conical flask: 
Distil led water: 
Tris-HCI buffer pH 8 . 8 :  
1 0 %  SDS : 
Bis/ Acrylamide 30 % :  
3 . 35 ml  
2 .5  ml 
1 00 III 
4 ml 
The chemicals were mixed properly .  Then 50 �ll of ammonium persulfate ( 1 0 % )  and 
5 III TEMED were added to the mixture .  The solution was poured into the plate 
i mmediately .  D istilled water was overlayered gently on top of the solution and kept for 30 
minu tes for polymerization . 
it) Preparation of Stacking gel (4 %): 
The following chemicals were mixed : 
Distil led water: 
Tris-HCl pH 6 . 8 :  
1 0 %  SDS: 
Bis/ Acrylamide 30 % :  
6 . 1 ml  
2 .5  m l  
1 00 III 
1 . 3 ml  
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The chemicals were mixed properly . Then 50 pI  of ammonium persulfate ( 1 0 % )  and 
1 0  I·ti of TEMED were added and mixed. Water overlayer of separating gel was discarded 
and stacking gel solution was poured into the plate . A comb was inserted i nto the stacking 
gel solution so that the comb remain 0 .5  i nch above the separating gel . The gel was left at 
room temperature for half an hour for polymerization . After polymerization the comb was 
remo ed and the gel was ready to use .  
c)  Polyacrylamide Gel Electrophoresis: 
The gel was transferred into the electrophoretic tank  and assembled properly. About 
300 ml of 1 X running buffer was poured on top and bottom chamber of electrophoresis 
system .  The samples as well as proteins  low range molecular weight size marker (Bio-Rad) 
were heated at 95°C for 5 minutes and then cooled down to room temperature and loaded 
onto the gel . The gel was connected to the power source set at 200 volts for 45 minutes. 
The gel was then taken out of the plate and used either for staining or immunoblot. 
d) Staining of  Gel with Coomassie Blue :  
The gels were sta ined i n  a solution containing 0 . 1 % Coomassie b lue  in  fixative (40 % 
methanoll l O %  acetic acid) for 1 5  minutes and then i t  was destained in  a solution (40 % 
methanoll l O %  acetic acid) for several ti mes ( 1 5  minutes for each) to remove the background 
stai n .  The gels were transferred to a filter paper and dried . 
e) Si lver Nitrate Staining: 
The gel was kept in 1 0 %  ethanol for 5 minutes then transferred to 1 % n i tric acid for 
5 minu tes and rinsed with fresh 1 % ni tric acid.  Then rinsed with distilled water and was 
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transferred to 0 . 5  % silver nitrate solution (two changes of 1 5  minutes each) and rinsed twice 
with distil led water ( 1 0  minutes each) . 
Colour development solution (3 g sodium carbonate , 500 /11 formaldehyde and 0 . 2  
m g  sod ium thiosulphate were dissolved in  distil led water to make 1 00 m l  solution) was 
added for two changes of 2-3 minutes each till the protein bands were clearly visible and 
then transferred to 1 0 %  acetic acid to stop the colour development.  The gel was transferred 
to fi l ter paper and dried . 
10 .  Protein I m m unoblott ing:  
a)  Reagents: 
i) Preparation of Towbin 's buffer: 6. 06 g of Tris and 2 8 . 8  g of glycine were dissolved in  
800 ml  of distil led water and 400 ml  of methanol was added to  the solution . Then the 
volume was made to 2 l i ters by adding distil led water .  
iij  Preparation of TES (Tris Buffer Saline): The following chemicals were measured: 0 . 8  g 
of Tris base , 6 . 85 g of Tris HCI and 8 . 9  g of Sodium chloride into a conical flask. 800 m1 
of distilled water was added and the chemicals were dissolved . The volume of solution was 
then made to one l i tre by adding distilled water .  
iii) Preparation of TEST (Tris Buffer Saline with Tween- Twenty): One mill i l i ter of Tween­
Twenty was added to 1 000 ml of TBS solution to get TBST. 
b) Polyacrylamide Gel Electrophoresis : 
The polyacrylamide gel was prepared as described in previous section .  Ten /11 of the 
samples boiled at 95°C for 5 minutes were loaded to the gel and it was kept in the mini­
protein cell and connected to the power source set at 200 volts for 45 minutes. 
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c) Transfer of  Protein from Gel to  Nit roce l lu lose Memb rane:  
A fter electrophoresi s the separated proteins in the gel were transferred onto 
ni trocel lulose membrane according to the following protocol . The nitrocel lulose membrane 
and fi l ter paper were cut to the size of gel . I n  a tray , the gel holding cassette was kept 
open . The fibers pad , nitrocel lulose membrane and filter paper were soaked in Towbin 's  
electrolyte buffer.  On the grey panel of the cassette a fiber pad was placed , then a filter 
paper, gel was carefully placed on the fil ter paper .  The nitrocel l ulose membrane was placed 
on top of gel . A nother piece of fil ter paper was then placed on the nitrocel lulose membrane.  
A fiber pad was placed next  to  filter paper and finally the white panel of cassette . The 
cassette was closed and it was transferred to the transfer cel l .  The transfer cell was filled 
with Towbin ' s  buffer and was connected to the power source at 1 5  volts for overnight .  The 
protein transfer was carried out at 4°C (Towbin el aI, 1 979) . 
d) A nt ibody Treatment : 
The membrane was taken out of the transfer apparatus .  The membrane was then 
soaked in 5 % low fat milk (dissolved in TBS) for 2 hours to block the nonspecific binding 
of proteins .  
The membrane was washed with TBS for 15  minutes, and treated with pnmary 
antibody (either anti-GST or anti-RAS) for overnight. The membrane was then washed with 
TBST, fou r  changes of 1 0  minutes each , and rinsed with TBS for 1 0  minutes, and then 
treated with secondary antibody coupled with alkal ine phosphatase (GAM-AP) for 2 hours. 
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e) Colour Development : 
After secondary an tibody reaction , the membrane was washed with TBST, four 
changes of 10 minutes each , rinsed with TBS for 1 0  minutes. Colour development was 
carried out  in the dark, by taking 20 ml of Alkal ine phosphatase colour development buffer 
(AP-colour development buffer, Bio-Rad Immune-Blot Assay Kit) . 0 .2  ml of each of the 
two reagents (reagent A NBT and reagent  B BCIP) was added to the buffer and immediately 
poured on membrane .  When the bands appeared the reaction was stopped by transferring the 
membrane in distilled water. The membrane was photographed . 
1 1 .  Polymerase Chain Reaction (PCR) : 
Exons of p53 gene were amplified by PCR (Saiki , er aI, 1 988 ;  Mullis and Faloona, 
1 9 87) . For each PCR reaction , the following chemicals (purchased from Gibco-BRL) were 
taken i n  a PCR tube: 
Distilled water 
1 0  x PCR buffer 
25 m M  dNTP 




Taq DNA polymerase 







0 .5  �l 
The following primers were used for amplification of p53 exons:  
Exon 6 :  Sense (5 ' -CTGATTGCTCTTAGGTCTGG-3 ' ) ;  
Exon 6 :  Anti-sense (5 ' -AGTTGCAAACCAGACCTCAG-3 ' ) ;  
Exon 8 , 9 :  Sense (5 ' AGTGGTAATCTACTGGGACG-3 ' ) ;  
Exon 8 ,9 :  A n ti-sense (5 ' -A  TTCTCCATCCAGTGGTTTC-3 ' ) .  
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The mixture was centrifuged and three drops of mineral oil was added to  each tube. 
PCR was carried out according to the following program me: 95°C for 1 . 5 min , 50°C for 1 . 5 
min ,  and 72°C for 2 min .  The reaction was repeated for 30 cycles . Five �l of each PCR 
product was mixed with 1 �l of loading dye and was loaded to 2 % agarose gel (preparation 
of gel was described in previous section) . The gel then transfered to an electrophoresis 
chamber and a voltage of 80 (constant) for 90 minutes was applied .  The gel was treated 
with ethidium bromide (0. 5  microgram/ml) . DNA was visual ized under ultraviolet l ight and 
the bands were recorded photographical ly .  
RESULTS 
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Cult u re of  R and S Type of l\tIouse lr5 1 78 Cel ls : 
Mouse cells L-5 1 78 of R and S type were cu ltured in  Fischer 's  medium containing 
1 0  % fetal calf serum in  a mixture of 95 % atmosphere air and 5 % CO2 at 37° C .  As 
reported earlier S type of cel ls were found to be more uniform in their shape and the colony 
formation was more rou nded and more likely to be suspended in the mediu m  (Fig. 4) while 
R type were not uniform in their size and shape and tend to be attached to the glass surface 
(Fig . 5 ) .  Both of these cel l lines were growing happily with typical pattern of cell division 
(Fig . 6) . Cells were stained with Papanicolaou stai n ,  microscopical examination showed that 
cells  were round with large n uclei which contain one or more macronucleolie and having a 
thin  r im of cytoplasm . The cells were showing a high mitotic rate under high power field of 
mlcroscope. 
Effects of  DMBA and B [a] P on DNA Synthesis of Mouse lrS 1 78 Cells of  R and S 
Type: 
Both S and R types of mouse leukemic cel ls  were cultured in the presence of DMBA 
or B (a)P at 1 0  mM concentration . Total DNA was extracted and estimated . It was found 
that DNA synthesis in R cel ls  was reduced to 68 % after treatment with B[a] P ,  while the 
same cell s  (R) did not show any response after DMBA treatment (Table- I ) .  In terestingly, 
when S type cells  were treated with B[a]P and DMBA, an inhibitory role of DMBA was 
observed . It was found that the synthesis of DNA was inhibited to 66 % .  But there was no 
significant effect of B[a]P on the DNA synthesis of S cell type (Table- I ) .  DNA was further 
characterised for their in tactness by 0 . 7 %  agarose gel electrophoresis .  It was found that the 
quality ( molec ular size) of DNA in DMBA and B[a]P treated R and S cells were same as 
u ntreated cel ls  (Fig . 7) .  There was no significant level of DNA degradation . 
Figure 4. Morphology of Mouse Leukemic Cell L 5 1 78 of S Type 
Mou 'e leukemic el l were al lowed to grow in Fischer ' , med ium , Photographs 
were ta ken u nder microscope . 
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Figure 5 .  Morphology o f  Mouse Leukem ic Cell L 5178 o f  R Type 
Mou e leukemIc cell  were a l lowed to grow in Fi cher' medium Photog raphs 
were taken u nder m icro cope . 
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Figure 6.  Mouse Leukemic Cell L 5178 Showing Cell  Division . 
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Mouse leukemic cells were allowed to grow i n  Fischer's medium. Cells were fixed 
with 95 % ethanol fol lowed by Papanicolaou sta ining . Photographs were taken under 
microscope . 
Table I :  Effect of B [a]P and DMBA on DNA content of 
mouse leukemic cel ls L-5178 of R and S type 
Clone Name DNA (Jlg/ml) DN A (% cont rol) 
RC 1 28 1 00 
RB 86. 4  68 
RD 1 37 . 2  1 07 
SC 1 59 . 6  1 00 
SB 1 37 . 6  86 
SD 1 05 . 2  66 
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Mouse cel ls  L-5 1 78 of  R and S type were allowed to  grow in the absence or  presence 
of either B [ex]P or DMBA as described i n  materials and methods.  DNA was extracted from 
those cells and estimated spectrophotometrical ly .  
Figure-7 : DNA agarose gei electrophores is of mouse leukemic 
cel l L-5178 of R and S type 
2 3 4 5 6 � 
44 . 
Mouse leukemic cells of R and S type were treated with B(a)P and DMBA . DNA 
was extracted and analyzed by 0 . 7 %  agarose gel electrophoresis .  DNA was then stained 
with ethidium bromide and visualized under u . v .  light. 1 ,  RC (control of R) ; 2, RB (B(a)P 
treatment of R) ; 3 ,  RD (DMBA treatment of R) ; 4, SB (B(a)P treatment of S); 5 ,  SC 
(control of S); 6 ,  SD (DMBA treatment of S) and M is the A Hind III marker. 
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2) . Effects of d i fferent concent rat ions of B [a] P a nd DMBA on DNA synthes is of mouse 
L-5 1 78 cel ls of S type: 
Mouse L-5 1 78 cel l s  of S type were cultured to a cell density of 5 X I 04 cel l s/ml . 
B(a)P was added to the culture to a final concentration of 1 mM or 1 0  m M .  Cells were 
allowed to grow in this condition for seven days .  Cells were collected and genomic DNA 
was extracted . A mount of DNA was measured spectrophotometrical ly at 260 n m .  I t  was 
found that when S cel ls were treated with 1 m M  B( a)P ,  there was no significan t effect on 
DNA synthesis while 1 0  m M  B(a)P inhibited DNA synthesis to about 24 % as compared to 
the u ntreated cells (Table 2) . On the other hand 1 m M  DMBA decreased DNA synthesis by 
2 1  % ,  whi le 1 0  m M  DMBA inhibited the DNA synthesis by 39 % .  
3) . Isolat ion of  B [a] P and DMB A  t reated cells: 
Mouse L-5 1 7 8  cell s  of S type were treated with 10 mM B[a]P or DMBA for three 
consecutive days .  Cells were then diluted and cultured at lower number for two weeks to 
allow single cells to form colonies. A paral lel experiment was performed without any 
treatment .  Colonies were picked up from all B[a]P (B series) DMBA treated (D series) and 
u ntreated (C series) plates randomly under microscope in  a sterile condition and cultured 
separately .  Cells derived from each colony were named and characterised . 
Table-I I :  Concentrat ion dependent effect of B [a]P and 
DMBA on DNA content of S cells 
Clone name DNA content DNA (% Cont rol) 
Amou nt (llg/m1) 
SC 1 8 . 7  1 00 
SBP1  1 8 . 5  99 
SBP l O  1 4 . 4  76 
S D 1 1 4 . 4  79 
S D l O  1 1 . 4  6 1  
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Mouse cells L-5 1 78 of S types were allowed to grow in  the presence or absence of 
d ifferen t  concentration of B(a)P & DMBA for seven days. DNA was extracted and 
estimated spectrophotometrical ly .  Values are an average of three independent experiments 
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4) Growth pat tern of B[a] P and DlVIBA t reated cells: 
Each of the clones was cultured separately and the growth rate was monitored by 
counting cell numbers at certain time interval . Cel ls from each clone were cultured 
separately . The density of cells were determined every day and growth curves were plotted . 
From the log phase, doubling time (hr) was determined . Growth curve for each clone was 
plotted . A typical growth curve is shown in  Fig 2 .  From the log phase of growth curve, the 
doubling time of each clone was determined .  It was found that some B[a]P treated cells  
(SB5 , SB7,  SB I 4) were growing faster while some cells (SB I ,  SB 1 6 , SD8) were growing 
slower than the parental (control) cel ls  (Table-3) .  It suggests that B[a] P treatment has 
chan ged the behavior of cell growth . 
Oncogenic Behavior of B[a]P and DMBA Treated Mouse L-51 78 Cells: B[a]P and 
DMBA treated cel ls  were tested for their abi lity to grow in soft agarose. Same 
n umber of cell s  from each clone were plated . The number of colonies which appeared after 
2 weeks were then counted . It was found that the clones had differen t  abi lity to grow. Some 
of the clones (SB6, S B l l ,  S B I 4) had more abil ity to grow on soft agarose compared to the 
parental cells ,  while some (SB l ,  SD2 , SD5 , and SD8) could not grow at the level of 
paren tal cells (Table 4) . This suggests that B [a]P and DMBA treatment has changed the 
oncogenic behavior of mouse L-5 l 78 cel ls .  I t  is important to note here that fast growing 
cells are more cancerous than slow growing one. (Fig . 8) 
Table-I I I :  Generation t ime (h rs) of B [a]P 
and DMBA treated cel ls  
Clone Name Doubl ing Time (h rs) 
S B 1  1 2 . 5  
SB2 7 
SB5 2 
SB6 7 . 5  
SB7 2 
SB8 3 
S B l l 3 
S B 1 2  2 
S B 1 4  2 
SB 1 5  3 
S B 1 6  8 
SC5 5 . 5  
SD4 6 
SD5 9 . 5  
SD8 1 2  
Cells from each clone o f  B(a)P and DMBA treated clones were 
cultured separately .  The growth of each was monitored by counting the cell 
n umber at every 24 hrs. Doubling time was determined from the log phase 
of growth of each clone. Values are an average of three determinations .  
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Table-IV:  Transforming abi l ity of B [a]P and DMBA treated 
mouse L-5178 cel ls  
Group I Group I I  G roup III  
Clone % Clone % Clone % 
name Oncogenic name Oncogenic name Oncogenic 
SB 1 6 1  SB2 1 06 SB5 1 2 8  
SB 1 6  78 SB7 94 SB6 1 6 1  
SD2 56  SB8 89 S B l l 1 94 
SD5 39 SB 1 2  89 SB 1 4  1 6 1  
SD8 33  SD4 89 S B 1 5  1 33 
SD7 94 
SC5 1 00 
SC6 1 00 
Cells from each clone were plated in soft agarose containing 
Fischer ' s  medium ( 1 0 %  FCS).  The cells  were allowed to grow in  5 %  CO2 
at 37°C for 1 4  days . Colonies that appeared in  each plate were counted 
under microscope , and categorized based on their efficiency to grow on soft 
agarose. Group I ,  growing less than parental cel ls ;  Group I I ,  grows same as 
parental cel ls ,  Group I I I ;  growing more than control .  
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Figu re-8 : Soft aga ro e colony format ion assay o f  mou e leu kem i c  cel l 
L-5 1 78 o f  S t ' pe 
A I ! � B 
Transforming ability of mouse leukemic cells were examined by allowing them to 
grow ill soft agarose as described ill " Material s and Methods " .  A representative Size of 
colony appeared from tran sformed (A) and normal (B) cell i s  shown above . 
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5) . Total protein anal  sis of c lones t reated wit h  B[a] P and DM B A :  
Total protein was extracted from similar number o f  cells o f  each clone. I t  was found 
that total amount of protein obtained from each clone did not show significant di fference 
(Table 5 ) .  The protein from each clone was extracted and then characterized by SDS­
polyacrylamide gel electrophoresis .  The proteins were visual ized either by Coomassie blue 
(Fig . 9) or silver staining (Fig. 10 ). In  both cases, there was no qualitative or quantitative 
significant difference in the pattern of protein both in intensity and number of bands.  
A nalysis of  Expression of Glutath ione S-transferase 1t (GSn and H-Ras by 
Immu noblott ing:  
Total protein from the B[a]P and DMBA treated cel l s  were separated by SDS-PAGE 
and immun oblotted using specific antibodies. I t  was found that there was no significant 
change in  the expression of GST 1t protein in  B[a] P and DMBA treated cel ls  (Fig . 1 1 ) .  I n  a 
similar experiment,  the expression of H-Ras protein was analysed by using a primary 
antibody again st human H-Ras protein . I t  was found that the expression level of H-Ras 
protein i n  B [a]P and DMBA treated cells as well as parental cells of L-5 178  was very low 
(data not shown) . 
Analysis of p53 gene exons by polymerase chain react ion (peR) : 
To check whether there is any mutation in p53 exons in B[a]P and DMBA treated 
cel ls ,  PCR analysis was performed . Using specific primers , exon 6, 8 and 9 was amplified 
and the size of PCR product was analysed by agarose gel electrophoresis .  The size of exons 
in both B [a]P and DMBA treated cells were same as control (Fig . 1 2  and 1 3) .  
Table-V: Determination of total  prote in  extracted from 
B [a]P and DMBA treated cells 
Clone name Protein Clo ne Protein C lone Protein 
(mg) name (mg) name (mg) 
S B I  1 . S SB 1 3  1 . 8  R 2 . 2  
S B2 1 . 7 S B I 4  2 . 4  S 2 . S  
SC I 2 . S  SB3 1 . 6 S B l S  1 .7 
SC l O  1 . 7 S B 1 2  1 . 6 SD8 1 . 4 
SC2 1 . 9 SB4 1 . 7 S B 1 6  1 . 9 
SC3 1 . 6 SBS r-- 1 . 4 SD 1 1 . 8 
SC4 1 . 6 SB6 1 . 3 SD2 1 .2 
SCS 2 . S  SB7 1 . 7 SD3 1 . 6 
SC6 1 .9 SB8 1 . 4 SD4 2 . 4  
SC7 1 . 5 SB9 1 . 2 SDS 2 . 2  
SC8 1 . 7 SB l O  1 . 2 SD6 1 . 8  
SC9 1 .9 SB 1 1  2 . 4  SD7 1 . 4 
Total protein was extracted from similar number of cel l s  of each 
clone and protein concentration was determined by Bradford Method . Values 
are an average of three determinations which varies less than 1 0  % from each 
other. 
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Figu re-9:  Coomassie blue sta in ing of SDS-polyacryJamide gel of total 
p rote in  extracted from mouse leukemic cel l L-5178 
1 2 3 4 5 6 7 8 9 � 
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Total protein extracted from different  clones was separated by  SDS-polyacrylamide 
gel electrophoresis  and stained with Coomassie blue as described in Materials and Methods.  
Above figure shows the expression level of total cel l ular proteins .  1 ,  SC (control of S) ;  2 ,  
SB l ,  3 ,  SB2 ,  4,  SB7, 5,  SB8 , 6,  S B l 1 ,  7 ,  S B 1 5  (2-7 are clones of the B(a)P treated S 
cell s) ; 8 ,  SD4,  9 ,  SD8 (8 and 9 are clones of DMBA treated S cell s) , and M is  molecular 
weight m arker. 
Figu re-lO:  S i lver staining of SDS-polyacrylamide gel of total protein 
ext racted from mouse leukemic cell L-Sl78 of S type 
1 2 3 4 5  6 7 8 9 � 
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Total protein was extracted from each clone. Proteins i n  each extract were separated 
by SDS-polyacrylamide gel electrophoresis .  Gel was stained by silver n itrate. Above figure 
shows the expression level of total cel lular proteins .  1 ,  SC (control of S) ;  2 ,  SB l ,  3, SB2 ,  
4 ,  SB7 ,  5 ,  SB8,  6 ,  SB l l ,  7 ,  SB 1 5  (2-7 are clones o f  B(a)P treated S cells); 8 ,  SD4 , 9 ,  SD8 
(8  and 9 are clones of DMBA treated S cel l s) ,  and M is molecular weight marker. 
Figu re-I I :  Express ion of Glutathione-S-transferase (GST) Pi by 
i m m unoblotting 
1 2 3 4 5 6 7 8 9 
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Total proteins extracted from each clone were separated by S DS-polyacrylamide gel 
electrophoresi s  and proteins were transfered from gel to n i trocellulose membrane as 
described in Materials and Methods .  Membrane was treated with primary antibody (anti­
GST Pi) as i t  was described in " Material and Methods" . Arrow shows the position of GST 
protei n  (22 . 5  KDa) . 1 ,  SC (control of S cel ls) ;  2 ,  S B I , 3, S B2 ,  4, S B7 ,  5 ,  SB8 ,  6,  SB 1 1 , 
7 ,  S B 1 5  (2-7 are clones of the B(a)P treated S cel ls) ; 8 ,  SD4 , 9 ,  SD8 (8  and 9 are clones of 
DMBA treated S cel l s) . 
Figure -12 : Characterization of exon 6 of  pS3 gene by 
polymerase chain reaction (PCR) 
1 2 3 4 5 6 7 
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Exon 6 of p53 gene was amplified using total genomic DNA. The PCR product was 
characterized by 2 % Agarose gel electrophoresis. The position of the PCR product of exon 
6 of p53 gene is shown by arrow (95 bp) . 1 ,  SC (control of S cel ls) ;  2 ,  SB l ,  3, SB2 ,  4 ,  
SB7 ,  5 ,  S B l l (2-5 are clones from B(a)P treated S cel l s) ;  6 ,  SD4 ,  7 ,  SD8 (6  and 7 are 
clones fro m  DMBA treated S cel ls) . 
Figure -13 :  Characterization of exons 8 and 9 of p53 gene by 
polymerase chain reaction (peR) 
1 2 3 4 5 6 7  
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Exons 8 and 9 of p53 gene was amplified US lOg total genomic DNA . The PCR 
product was characterized by 2 % agarose gel electrophoresis .  The position of PCR product 
of exons 8 and 9 of p53 gene is shown by arrow (320 bp) . 1 ,  SC (control of S cel ls) ;  2 ,  
SB l ,  3 ,  SB2,  4 ,  SB7 ,  5 ,  SB l l  (2-5 are clones o f  the B(a)P treated S cel l s) ; 6 ,  SD4 , 7 ,  
SD8 (6 and  7 are clones of the DMBA treated S cel ls) . 
DISCUSS ION 
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Polycyclic aromatic hydrocarbons are known to have the ab ility to bind to  DNA 
double hel ices in their native structure or oxidized form. Such binding eventually leads to 
change in n ucleotide structure (mutation) in DNA (Brookes, et ai, 1 964 , Brookes and 
Heidelberger, 1 969 , Brookes and Lawley , 1 964 , Boyland and Green ,  1 962 , Fahmy and 
Fahmy 1 970, 1 973 , Heidelberger and Moldenhauer, 1 956,  Huberman , et ai, 1 97 1 ,  Kuroki 
and Heidelberger, 1 97 1 ,  Lesko el ai, 1 968 ,  Liquori ,  el ai, 1 962 , Miller, 1 95 1 ,  Mil ler and 
M iller, 1 97 1 ,  A mes 1 979) . Mutation in a gene could change the structure and property of 
the cell such as growth rate , oncogenicity (cancer causing abil i ty) . B[a] P and DMBA are 
polycyclic hydrocarbons and widely distributed as the environ mental pol lutant such as in  
petroleum products. The abi l i ty of  B[a]P and DMBA to  cause changes in  DNA was 
evaluated i n  tissue culture condition by exposing mouse L-5 1 78 cell s  to these chemicals .  
A condition was set up to culture mouse L-5 178  cel l l ines of both R and S type. The 
effect of B[ a]P and DMBA on mouse cell l ine L-5 1 78 on either R or S type was tested at 1 
m M  and 1 0  m M  concentration .  It was found that 1 0  mM B[a]P has inhibited the growth of 
R cell s  significantly, while a significant inhibition of S cell growth was found after 10 mM 
DMBA treatment .  The growth of S cell s  were found to be affected by DMBA and B[a]P 
treatment  at 1 m M  concentration .  Because of less toxici ty on growth , DMBA and B(a)P of 
1 mM werechosen for S cel ls .  After exposing with B[a]P and DMBA, colonies derived 
from each cell (clone) were picked up and cultured separately .  
The effects of B[a]P and DMBA on mouse cel ls  were analysed by determining the 
t ime for cell division (generation or doubling time) of each clone. Some B[a]P and DMBA 
treated cell s  were found to change growth behavior. Therefore, some clones growing either 
59. 
faster or slower than the parental cell l ine. Recent finding in  the study of cel l growth control 
shows that there are mainly two groups of genes (proto oncogene and tumor suppressor 
genes) that control cell growth (Cooper, 1 995) . Activating mutation of protooncogenes or 
inactivating mutation of tumor suppressor genes cause an i ncrease in  cell growth while 
inactivation of proto oncogene or activation of tumor suppressor genes results in  the 
i nhibition of cell growth . Most probably the treatment of B[a]P and DMBA resulted in  
random mutations of either activating or inactivating type in  protooncogenes and/or tumor 
suppressor genes . Thus, some cel ls have shown increase (SB5 , SB7, S B 1 4) or decrease 
(SB l ,  S B 1 6, SB8) i n  growth rate than their parental cel ls .  Interestingly ,  mutation i n  
protooncogenes and tumor suppressor genes not only change the growth rate of cel ls but in  
some cases changes the oncogenic (cancer causing) behavior of the cel ls .  One of the 
com monly u sed methods to evaluate oncogenicity is to check the abi l i ty of the cell s  to grow 
on soft agarose (known as soft agarose colony formation assay) . The abi l i ty of B[a]P and 
DMBA treated cells to grow on soft agarose was tested and compared with parental cel ls .  I t  
was found that the  oncogenic behavior of  B[a]P treated clones SB5 , SB6, SB l 1 , S B 1 4  and 
S B 1 5  has i ncreased . About 20 % of total clones were found to show increase in oncogenic 
behavior while 1 5  % showed a decrease .  Changes in  oncogenic behavior are most l ikely 
because of the mutation in either protooncogenes or tumor suppressor genes or both . I t  i s  
likely that exposure of B[a]P and DMBA wil l  cause si milar effects once exposed to human 
cel ls .  Thi s  finding suggests a possibil i ty of increased cancer i ncidence if there is a pollution 
of B[a]P and DMBA.  
We have tried to  characterize molecular change(s) i n  the cell that resulted from 
B(a)P and D MBA treatment.  Glutathione-S-transferase (GST) is considered to be a potential 
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marker for cancerous growth . The level of this protein expression changes in some cancer. 
Total protein from B[a]P and DMBA treated clones which showed increased oncogenicity 
were u sed to check expression level of GST protein by i m munoblotting . But in this case, 
there was no change in GST expression in any of B[a] P and DMBA treated cel ls .  It may be 
possible that expression of GST changes in specific types of cancerous si tuation as others 
believe (Harada, et al 1 992 ; Hayes, et al 1987) . Ras family of G proteins plays a key role 
in the development of cancer. The expression of Ras G protein was also analysed by 
immunoblotting using alkal ine phosphatase conj ugated second an tibody.  There was no 
detectable protein band in either parental cel l s  or in carcinogen treated cel ls ,  while in control 
(mouse liver extract) a protein band of expected size (data not shown) appeared . There is 
evidence indicating that leukemic cel ls express very low amount of Ras protein (Maruta and 
Burgess 1 992) . Therefore, a more sensitive method such as hydroxy peroxidase conj ugated 
system or radiolabeled antibody might be useful in detecting Ras proteins  in these cell l ines.  
p53 i s  known as a tumor suppressor gene which regulates cell division . Mutation in 
p53 gene has been reported in i ts different  exons (Hollstein ,  et al 1 99 1 ;  Harris 1 993) . Total 
genomic DNA of B [a]P and DMBA treated cel l s  were analysed by PCR amplification of 
exons 6, 8 and 9 .  Analysis of these exons by agarose gel electrophoresis (AGE) did not 
show any difference with control (parental) DNA. This suggests that there was no 
significant structural change (deletion or insertion) in these clones. I t  might be worth to 
mention here that identi fication of a single base change is not possible by AGE. A more 
sensi tive method like single stranded conformation polymorphism (SSCP) or nucleotide 
sequencing might be usefu l  to detect small change in DNA. Moreover, analysis of all the 
exons or whole genes might clearly show the exact mutational status of this gene.  Work is 
6 l .  
now I n  progress to look on mutation of p53 , Ras gene and other genes that control cell 
growth . Identification of changes in these genes might be useful  in understanding molecular 
mechan isms  involved in altering oncogenic behavior of B[aP and DMBA treated cel ls .  
CONCLU S ION 
62 . 
1 .  Benzo(a)pyrene [B(a)P] and dimethylbenzanthracene (DMBA) were found to inhibit 
the syn thesis of DNA . 
2 .  D M B A  and B(a)P were found to affect the generation ti me of mouse leukemic cel ls .  
3 .  B(a)P and DMBA treated mouse cell s  were found to affect oncogemc (cancerous) 
property of 25 % of total number of cell analysed suggesting that B(a)P and DMBA 
treatment resulted some permanent changes (most l ikely DNA) in  the cel l .  
4 .  Expression of glutathione-S-transferase (GST) and Ras GTPase d id  not  change 
significantly after B(a)P and DMBA treatment. There were no major change in size of 
the exons 6 , 8  and 9 of p53 gene. 
5 .  B(a)P and DMBA were found to be poten tial carcinogens (cancer causing agent) i n  cell 
culture condition . It suggests that B(a)P and DMBA are i mportant compounds that 
could be u sed to study the stages of carcinogenesi s .  
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